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Trophic interactions: changes in phytoplankton community 
structure coinciding with alewife introduction (Alosa pseudoharengus) 
Joseph C. Makarewicz 
Introduction
Conesus Lake is a eutrophic lake (MILLS 1975) and
the most western of the Finger Lakes of New York
State, USA. Abundance of a top level predator, the
walleye (Stizostedion vitreum vitreum), decreased
from a high of 12,000 individuals in 1966 to 9,614
individuals in 1975 to 1,850 individuals by 1985 in
Conesus Lake (ABRAHAM 1989). Coincidental with
the decline of the walleye in Conesus Lake was the
proliferation of an obligate planktivore, Alosa
pseudoharengus (ABRAHAM 1988). During the late
1970s (probably 1978 or 79), the alewife was acci-
dentally introduced and became established in the
lake. The pre-alewife zooplankton community was
dominated by Daphnia pulex, Conochilus unicornis
and Cyclops bicuspidatus. The overwhelming domi-
nance of D. pulex in 1972 was impressive. It was the
dominant cladoceran on each of the 50 sampling
days throughout the year (CHAMBERLAIN 1975).
Abundance reached as high as 36 individuals/L in
the summer and 13 individuals/L in December. The
pre-alewife phytoplankton community was domi-
nated by larger (>70 µm, greatest axial linear dimen-
sion) colonial, filamentous and unicelluar algae or
net phytoplankton (MILLS 1975). With excellent his-
torical phytoplankton and zooplankton data avail-
able, an opportunity existed to examine the impact
of alewife introduction on plankton community
structure in a large-lake ecosystem (13.7 km2) over a
16-year period. 
Methods
Water and plankton samples from Conesus Lake
were collected biweekly from May to November in
1985 and 1988. Water samples were taken with a
Van Dorn bottle (non-metallic) at depths of 1, 8 and
12 m. Twenty-five milliliters of water were filtered
(0.45-µm Magma Nylon 66 filter) in the field and
stored in ice. Total phosphorus (TP) and soluble
reactive phosphorus (SRP) were determined by auto-
mated techniques (APHA 1985). Chlorophyll was
collected on GF/F filters and analyzed fluorometri-
cally (WETZEL & LIKENS 1979). Zooplankton were
sampled with a Wisconsin net (0.5-m diameter,
0.80-µm mesh net) equipped with a calibrated flow
meter. Vertical tows were from 1 m off the bottom to
the surface. Zooplankton were relaxed with tonic
water and preserved in 5% formalin. Triplicate
counts were made with a Sedgewick–Rafter cell.
Cyclopoids were identified and counted separately
under a dissecting scope. Where possible, up to 50
length measurements per sampling date were made
of each species of Crustacea observed (10 for
Rotifera). The phytoplankton sample (100 mL) was
taken at a depth of 1 m and preserved with 0.5%
glutaraldehyde. Enumeration and appropriate axial
dimensions to calculate biomass from geometric
shapes were from permanent slides (BERGQUIST et al.
1985, CRUMPTON 1987). The data were grouped by
year and analyzed by one-way ANOVA (P < 0.05).
Post hoc multiple range tests on the independent
variable years included Least Significant Difference
and Bonferroni tests. 
Results and discussion
The post-alewife (1985 and 1988) zooplankton
species composition represented a significant
change since 1973 (pre-alewife). In 1973,
Conesus Lake was dominated by the large
Daphnia pulex, the colonial rotifer Conochilus
unicornis and Cyclops bicuspidatus (CHAMBER-
LAIN 1975). As a result of the introduction of
the alewife into Conesus Lake in 1978–79, the
cladoceran community changed and was domi-
nated by the small Bosmina longirostris by 1985.
The smaller Daphnia retrocurva was the second
most important Cladocera while D. galeata
mendotae was somewhat rare in 1985. The last
D. pulex was observed in 1984. Cyclops bicuspi-
datus and Conochilus unicornis were the domi-
nant Copepoda and Rotifera in 1985, as in
1973 (MAKAREWICZ 1986).
1781 Food webs – predator/prey interactions
With continued size-selective feeding by the
alewife, further changes in the zooplankton
community were observed by 1988. B. longiros-
tris and Ceriodaphnia reticulata were codomi-
nant in 1988, while the 1985 codominant D.
retrocurva was rare in 1988. As in 1985, D.
pulex was not present in the lake. A large
Copepoda, Diaptomus pallidus (length ~1 mm),
present in 1985 but with a reduced abundance
compared to 1972, was completely eliminated
by 1988 – 9 years after the introduction of ale-
wife. Similarly, the abundance and size of
Cyclops bicuspidatus thomasi decreased from
1985 (12.3% of the Crustacea abundance;
mean length of 0.92 mm) to 1988 (0.20% of
the Crustacea abundance; mean length of 0.72
mm) (PUCKETT 1989). WELLS (1970) reported
similar losses of the largest cladocerans, cal-
anoids and the largest cyclopoid copepod
(Mesocyclops edax) from the waters of southeast-
ern Lake Michigan when alewife abundance
increased. 
In general, the average crustacean biomass
significantly decreased from a pre-alewife high
of 228 mg/m3 in 1972 to post-alewife lows of
182 and 99 mg/m3, respectively (Table 1). Con-
comitantly, the weighted mean length of the
Crustacea significantly decreased from 1.03
mm in 1972 (pre-alewife) to 0.47 mm in 1985
(post-alewife) down to 0.29 mm in 1988 (Table
1). Even the dominant and small crustacaean
Bosmina longirostris decreased in average size
(0.32 mm in 1985 to 0.26 mm in 1988). By
1988, 98% of the crustacean community was
less than 0.35 mm in length. Conesus Lake is a
classic example of size-selective predation by
planktivorous fish that has resulted in a shift in
prey composition to smaller zooplankton.
Many experimental and field studies have docu-
mented similar size-related effects on zooplank-
ton community structure (See MCQUEEN et al.
1989 for a review).
The significant increase in abundance of roti-
fers (Table 1) in Conesus Lake is consistent
with both the indirect and direct evidence that
suggested that rotifers were more prevalent in
the absence of exploitative and interference
competition from Daphnia (GILBERT 1988).
Similarly, the significant increase in ambient
soluble reactive phosphorus (Table 1) appeared
to be a size-related consequence, even though
ambient total phosphorus concentrations had
not changed. Since the excretion of phosphorus
by zooplankton is inversely proportional to
body size (PETERS & RIGLER 1975), a reduction
in average size of the zooplankton community
induced by size-selective predation might
increase community excretion rates. HENRY
(1985) tested this hypothesis and experimen-
tally demonstrated that phosphorus release rates
were higher in zooplankton communities domi-
nated by smaller zooplankton than those domi-
nated by larger ones. Similarly in Conesus Lake,
the increase in SRP from 1985 to 1988
occurred when zooplankton body size decreased
(Table 1).
A major shift in size composition of the phy-
toplankton community occurred from the pre-
to the post-alewife period. In 1972, the net
plankton (>70 µm) represented over 61% of the
total phytoplankton biomass. By 1985 and
1988, net plankton biomass decreased to less
than 22% of the total phytoplankton biomass
(Table 1), that is, the biomasses of smaller size
classes of phytoplankton were becoming more
prevalent after the introduction of alewife and
the selective removal of large Cladocera.
NORTHCOTE et al. (1990) and BERGQUIST et al.
(1985) observed a similar response to the
removal of large-bodied cladocerans, where rel-
ative abundance of small phytoplankton in the
<25-µm range decreased. Although the overall
size of the Conesus Lake phytoplankton com-
munity decreased, it was at the 21- to 70-µm
size range rather than the <25-µm size range as
BERGQUIST et al. (1985) observed. 
Trophic interactions
Various classification schemes indicate that
Conesus Lake is a eutrophic lake (MILLS 1975).
Even so, chlorophyll levels prior to the intro-
duction of alewife were much lower than those
expected based on ambient winter total phos-
phorus concentrations. The regression model of
OGLESBY & SCHAFFNER (1978) (Chl = 0.574 [T]
– 2.90, r2 = 0.82, where T represents the winter
total phosphorus levels) derived from data on
16 Finger Lakes of New York, including Cone-
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sus Lake, predicted summer chlorophyll levels
that were 29% higher (7.2 mg/m3) than
observed (5.6 mg/m3) in 1972. In the early
1970s when the regression model was con-
structed, most of the Finger Lakes were inhab-
ited with alewife, with the notable exception of
Conesus Lake until 1979. The lower chloro-
phyll levels in Conesus Lake were apparently
maintained by the presence and dominance of
the large-bodied Cladocera, Daphnia pulex.
The statement of FOREST et al. (1978) that
"Effective grazing by a single crustacean, Daph-
nia, helps keep the open water clear most of the
time" was perceptive. Although a refugium for
Daphnia pulex did not exist, the abundant pop-
ulation of D. pulex was apparently maintained
by low size-selective predation pressure from
planktivores (mostly yellow perch). After the
introduction of alewife and the removal of D.
pulex, chlorophyll a concentrations have
increased (~7.3 for the stratified period, Table
1) and are now consistent with the predictions
of the regression model.
The top–down:bottom–up (TD:BU) model
(MCQUEEN et al. 1989) predicts that in a
eutrophic lake with an established population
of large-bodied zooplankton, such as Daphnia
pulex, decimation of the large-bodied cladoce-
Table 1. Summary of selected biological and chemical data from 1972, 1985 and 1988, Conesus Lake. NA,
not available. Values represent the average for the May through October period, unless stated otherwise. Phy-
toplankton size class data are percent of biomass. One star (*) indicates a significant difference from 1972 (P
< 0.05). Two stars (**) indicate a significant difference from 1972 and 1985 (P < 0.05). 
 1972  1985  1988
Chemistry (µg P/L) 
 Total phosphorus  23a  26.5  23.5
 Soluble reactive phosphorus  4.4b  5.8c  13.5**c
 Turbidity (NTU)  0.81  1.05*  1.52**
 Zooplankton biomass (mg/m3)
 Crustacea  228d  182  99** 
 Calanoida  30  7*  0
 Cladocera  146  62*  84*
 Daphnia spp.  87  23*  3**
 Rotifera (ind./L) NA  567  1,235**
Zooplankton length (mm)
 Crustacea 1.03 0.47* 0.29**
 Crustacea +Rotifera 0.60 0.23* 0.18**
Phytoplankton
 Chlorophyll (µg/L)  3.4e  3.8  7.3**
 Abundance (cells/mL)  1,803e  1,068  3,076
 Size class  <10 µm  20.5%e  10.2%  24.2%
 10–20 µm  13.7%e  29.3%  13.2%
 21–70 µm  4.2%e  39.3%  43.4%
 >70 µm  61.6%e  21.2%  19.2%
a1969 data of STEWART & MARKELLO (1974). Graphical accuracy for the May through October period.
b1972 data of OGLESBY et al. (1978). Data represent the stratification period: May 31 to September 26.
cMeans are for the period May 25 to September 30.
dThe 1972 biomass estimate represents the weighted mean for June through October of 1972. A net efficiency of
77.3% was applied to the 1972 data based on our 1985 data. Because a 150-µm mesh net was used in 1972, the
1972 biomass estimates are believed to be conservative (graphical accuracy, CHAMBERLAIN 1975). Copepod nauplii
are not included in the biomass estimates.
e1972 data of MILLS (1975). Data represent the stratification period: May 31 to September 26.
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ran by size-selective feeding of a planktivore
should result in an increase in phytoplankton
biomass. The Conesus Lake data support this
corollary of the TD:BU model (Table 1). With
decreasing intersummer zooplankton biomass,
there was an increase in summer chlorophyll a
concentrations, that is, a negative correlation
(r = –0.98, n = 3) existed between the inter-
summer chlorophyll and zooplankton biomass.
Admittedly, more interannual data points are
desirable. However, the similarity in summer
total phosphorus concentration between years
(Table 1) suggests that the changes in chloro-
phyll observed were not due to bottom–up
effects. Together these results suggest that
trophic level biomass at the primary producer
level can and is controlled by a top–down effect
under the conditions described for Conesus
Lake. These data are consistent with predictions
made by the top–down:bottom–up model, and
the implication is that in Conesus Lake the
trophic cascade does not uncouple or dampen
out at the zooplankton–phytoplankton link. 
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